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AERODYNAMIC CEHARACTERISTICS OF A 6-PERCENT-THICK
SYMMETRICAT: DOUBLE-WEDGE ATRFOITL, AT TRANSONIC
SPEEDS FROM TESTS BY THE KRACA WIRG-FLOW METHOD

By Lindsay J. Lina
SUMMARY

Tests were made in the tramnsonic range by the NACA wing-flow method
to investigate the asrodynamic characteristics of a 6-percent-thick
gymmetrical double-wedge alrfoil having a rectanguler plen form of aspect
ratio 4. Measurements of normal force, angle of attack, piltching moment,
and chord force were made for a range of Mach numbers from 0.66 to 1.12.
Reynolds mumber of the model ranged from about 360,000 to 810,000.

The results Indicated asn appreclable effect of Reynolds number on the
asrodynemic characteristlics. The slopes of the 1ift curves increased and
the aerodynemlc center moved rearwerd with Increasing Reynolds nmumber. A
- consistent effect of Reynolds mumber on the drag coeffilclent was not
Indicated.

The slope of the 11ft curve for the range of 1ift coefficlents from 0.3
to 0.5 was greater than the slope taken from 0 to 0.2 ]J.ft coefficlent and
showved more gbrupt varletlons with Mach number.

The gerodynemlic center for the lower lift-coefficlent range moved
rearward to 30 percent chord as Mach number was increased to asbout 0.88, then
Torward to gbout 20 percent chord at Mach mumber 0.92, and finally rearward
to about 30 percent chord for Mach numbers increased beyond O.94k. The
serodynamic center for the higher lift-coefficient range moved rearward
somewhat erraticelly from 25 to L2 percent chord as the Mach number was
increased from gbout 0.85 to 1.0. The meximum value of lift-dreg ratio
was gbout 12.5 for Mach mumbers from 0.7 to 0.85 and then decreased to 6.5
with en increase in Mach number to 1.0.

INTRODUCTION

As part of the NACA progrem to investlgate asrodynamic characteristics °
of alrfolls in the transonlc speed range, tests were made by the NACA wing-
flow method of an aspect ratio 4, rectangular ailrfoil having a symmetrical
double~wedge section 6 percent thick. The investigation covered a range
of Mach'numbers from 0.66 to 1.12 and included measurements of angle of
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attack, pltching moment, normsl force, and chord force. The drag at zero
1lift obtalned in thils investigetion wes reported in reference 1, bubt without
the correction for tare of the end plate.

SIMBOLS

o7 angle of attack
M effectlive Mach number of the model
Reynolds number
CL 1ift coefficient
Cy pitching-moment coefficlent about half-chord locatlon

Cp drag coefficient
APPARATUS ARD TESTS

The tests were made by the NACA wing-flow method in which a model 1s
mountﬁd in the high-speed flow over the wing of an alrplane (references 2
and 3).

The rectangular airfoll model (fig. 1) hed & symmetricel double~wedge
section 6 percent thick end en aspect ratio, consldering the wing surface
as a reflection plane, of 4.0. The model was equipped with a circular end
plate of one-chord diemeter and was mounted about 0.03 inch &bove the
surface of the alrplane wing.

The chordwlse varlation of Mech number in the test reglon, shown In
flgure 2, was determined from measursments of static pressure along the
surface of the airplane wing with the model removed. The effective Mach
number and dynamic pressure for the model statlion were obtained from these
results and measurements of the pressure varlation normal to the wing
surface. The correctlons for the effect of local Mach number veriatlons
normal to the surface of the airplane wing were similar to those described
in reference k.

In order to obtaln three different ranges of Reynolds numbers for the
Mach mmbers covered, tests were made in dives at high altitude (28,000 to
22,000 ft), medium altitude (18,000 to 12,000 ft), and low altitude (12,000
to 6,000 £4). The Mach numbers and Reynolds numbers covered in the tests
are shown in flgure 3. Continuous measurements were made In the dives of
angle of attack of the model, normel force, chord force, pitching moment,
free-stream impact and statlic pressures, and the airplane normal acceleratlon.
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The model was continuously oscillated through sn engle-of-attack range of
about +6°. The rate of oscillation was about 20° per second.

RESULTS AKRD DISCUSSION

The variations with Mach mumber of the angle of attack, pltching-moment
coefficlent, and drag coefflcient at constant values of 11ft coefficlent
are shown in figures L4, 6, and 8, respectively, for tests at the three
altitudes. BSince the ailrfoll was symmetrical, data for positive and negative
1ift coefficients were plotted together. The drag-coefficient date were
corrected for the tare of the end plate, which was determined from tests
of the end-plate alone, to be & nearly constant value at 0.004 based on the
area of the model. The falred results of figures i, 6, and 8 are plotted
In figures 5, T, and 9, respectively, to Indlicete the effects of the
difference in Reynolds nmumber associated with the different test altitudes.
The variations with 11Tt coefficlent of the sngle of attack, pltching-moment
coefficient, and drag coefficlent at several Mach numbers are presented in
figures 10, 11, end 12, respectively. The rate of change of 1ift coeffi-
cient with angle of attack d.CL[dQ’. and pltching-moment coefficient wilth

1ift coefficilent d.CM/d.CL (aerodynamic~center position), teken between O and

0.2 and between 0.3 and 0.5 1i1ft coefficient, are plotted agelnst Mach
nunber in figure 13.

The results of the tests indicated an apprecieble effect of Reynolds
munber . The angle of attack and the pitching-moment coefficient at a
constent 1ift coefficient (figs. 5 and 7} decreased with increasing
Reynolds murber. Accordingly the rate of change of 11ft coefficient with
angle of attack increassed and the aerodynamic center moved resrward with
increasing Reynolds number. A consistent effect of Reynolds number on the
dreg coefficlent was not lndicated.

In general, the angle of attack at a constent 11ft coefficlent decreased
greduelly with increase in Mach number up to a Mech number of gbout 0.9
(fig. 5). At Mach mumbers between 0.9 and 1.0 the angle of attack varied
Blightly but somewhat irregularly for some of the 11ft coefficlents. At
higher Mach mmbers the angle of attack showed practicelly no variations
for 1lift coefficients up to O.k.

The variation of 1lift coefficient with engle of attack In figure 10
indicated an increase in slope at en angle of attack between 2° and 3°, which
became rather ebrupt for the Mach number range from 0.90 to 0.94k. While the
exact nature of the flow phenomsne is not known, tests on two-dimensional
double-wedge alrfoile at high subsonic speeds reported 1n reference 5
indicated that a rapid expansion to local supersonic flow occurred on the
upper surface near the leading edge which reduced the separation on the
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upper surface of the airfoil and increased the 1lift-curve slope for a small
range of angles of attack. The slopes of the 1lift curves teken over a range
of 11ft coefficlents of O to 0.2 (fig. 13(a)) end over a range of 1ift
coefficients of 0.3 to 0.5 (fig. 13(b)) were somewhat higher for the low-
altitude run than for the higher-altitude runs. The slopes for the higher
range of 1ift coefficients were greater but showed much larger veriatlons
for the range of Mech numbers of these tests. The slopes for both ranges
of 1ift coefficients increased up to a Mach number of about 0.87. The
slopes for the lower lift~coefficient range then remalned essentlally
constant for a further increase In Mach number while the slopes for the

higher range of 1ift coefficients, In general, decreased.

The pltching-moment coefficlents at constant 11ft coefflclents remained
nearly constant for low 1lift coefficlents =and increased somewhat for the
highest 1ift coefficilent up to a Mach number of 0.8 (figs. 6 and 7), and
then decreased for Mach numbers increasing from 0.80 to 0.88. This decrease
was more pronounced for the higher 1lift coefflclents. A large Increase and
then decrease of moment coefficient occurred at Mach numbers from sbout 0.8
to 0.96. At higher Mach numbers the moment coefficient remained nesarly
constant for the lower 1ift coefficlents and gradually decreased with
increasing Mach number for the higher 1ift coefficlents. The varlation of
pltching-moment coefficient with 1ift coefficlent in figure 11 indicated
a large increase In the slope d.CM/d.GL for 11ft coefficlents between O =nd 0.25

&t Mach numbers 0.92 end 0.94%. The slope d.CM/d.CL for 1ift coefficients

from 0 to 0.2 (fig. 13(a)) indicated that the aerodynamic center moved
rearwerd from about 25 to 30 percent chord as Mach number wes lncreased
from 0.8 to 0.88, then forward to about 20 percent chord with a further
increase in Mach number to 0.92, and finally rearward to about 30 percent
chord with an increase in Mach number to and above 0.94. The

slope ch/acL for 1ift coefficilents from 0.3 to 0.5 (fig. 13(b)) indicated

that the serodynsmic center was at gbout 25 percent chord for Mach numbers
up to about 0.85 and moved rearward somewhat erratically to about
2 percent chord with an increase of Mach number to &bout L.0.

The varlation of drag coefficient with Mach number (fig. 9) was small
up to the Mach number corresponding to the start of the rapld drag rise for
11ft coefficlents from O to O.k. At a 1ift coefficient of 0.5 the drag
coefficlent decreamed appreciably over thle same range of Mach nurbers. The
drag rise was somewhat more rapid and occurred at a slightly higher Mach
number for the higher 1ift coefficlents. The drag coefflclent at a glven
11ft coefficient attained a maximum value at a Mach number of about 1.0.

At higher Mach numbers the drag coefficlent decreased somewhat for 1ift
coefficlents up to 0.2 and remsined constant at the higher 1lift coefficlients.
The maximum value of lift-drag ratio (fig. 14) was about 12.5 for Mach
numbers from 0.70 to 0.87 end decreased to-6.5 with an increase in Mach
number to 1.0. The maximpm lift-drag ratio occurred at 11ft coefficlents
between 0.2 end 0.3 for Mach numbers up %o 0 .8 and between 0.4 and 0.5 for
Mach numbers greater than 0.55.
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CONCLUDING REMARES

The results of tests at transonic speeds (Mach mumbers 0.66 to 1.12) by
the NACA wing-flow method of a 6-percent~thick symmetricel double-wedge
alrfoil with an aspect ratio of L4 indicated an appreclable effect of
Reynolds number on the serodynamic characteristics. The slopes of the 1lift
curves increassd and the serodynamic center moved rearward wlth increasing
Reynolds number. A conslstent effect of Reynolds number on the drag
coefficient was not indlcated.

The slope of the 11ft curve for the range of 1lift coefficlents from O
to 0.2 increased up to a Mach number of 0.87 end then remained essentially
constant . The lift-curve slope for the range of 1lift coefficilents from 0.3
to 0.5 Increased up to & Mach mumber of sbout 0.87 and for further increases
In Mach number showed a general decline. The slope of the 1ift curve for
the renge of 1ift coefficlents from 0.3 to 0.5 was greater than for the
lower range of 1ift coefficlents. The varlatlon of the lift-curve slope
with Mach number was larger for the higher range of 1lift coefflcients.

The aerodynaemic center for lift coefflclents from O to 0.2 moved
rearward from about 25 to 30 percent chord as the Mach number was Increased
from 0.8 to 0.88, then forward to asbout 20 percent chord with a further
increase in Mach number to 0.92, end finally rearward to sabout 30 percent
chord with an incresse in Mach number to and above 0.94. The asrodynamic
center for 1ift coefficlents from 0.3 to 0.5 was at about 25 percent chord
for Mach numbers up to about 0.85 and moved rearward somewhat erratically
to about 42 percent chord with an increase of Mach mmber to sbout 1.0«
The maximum valve of lift-drag ratio was about 12.5 for Mach numbers
from 0.7 to 0.85 and then decreased to 6.5 with an increase in Mach number
to 1.0.

Langley Aeronautical Laboratory
National Advisory Commlttee for Aeronautics
Langley Alr Force Basse, Va.
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(a) Low—altitude dive, Reynolds numwbers 5.55 X lO5 to 8.10 x 105.

Figure 4.— Variation with Mach number of angle of attack for several
1ift coefficlents.
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(b) Medium—eltitude dive, Reynolds numbers 4.5 x 107 to 6.8 x 10°.

Figure 4.— Continued.
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Figure 4.— Concluded.
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(a) Low-altitude dive, Reynolds mumbers 5.55 X 102 to 8.1 x 10°.

Figure 6.— Variation with Mach number of pltching-moment coefflicient for
: geveral 1lift coefficients.
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(b) Modium-altitude dive, Reynolds mumbers 4.5 x 107 to 6.8 x 10°.

Figure 6.— Continued.
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(c) High-altitude dive, Reynolds number 3.6 X 102 to 5.2 x 10°.

Figure 6.— Concluded.
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Figure T.— Variation wlth Mach nmumber of plitching—moment coefflcient for
gseveral 1lift coefflclents and three ranges of sltituds.
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Figure 8.— Continued.
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(b) Slopes tsken for lift coefficlents from 0.3 to 0.5.

Figure 13.—~ Concluded.
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